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A B S T R A C T  

The mechanism of magnetosphere recons t ruc t ion  during fluctua- 
t i o n s  in the solar wind is considered. P a r t  of the lines of fo rce  of the 

magnetic f i e l d  passes then from the core of the magnetosphere, bounded 
by the  r o t a t i o n a l  sheath cf the lines of force,  L n t e r s e c t i n g t h e E a r t h  

a t  the 73O l a t i t u d e ,  into t h e  tail of the magnetosphere, or vice-versa, 

from the t a i l  t o  the core. The ex is tence  3.8 foreseen of pecu l i a r  cloeed 
e l ec t ron  shea ths  with energies  of s e v e r a l  t e n s  of kev in the t a i l  of the 

megnetosphere, p a r t i a l l y  cons is t ing  in por t ions  of sheaths  of L a g n e t b  

and p a r t i a l l y  of e l e c t r i c  d r i f t s .  The la t te r  p r e v a i l s  a t  magnetosphere 

boundary. Depending upon the energy of e lec t rons ,  two types of sheaths  

are possible.  Some Close on t h e  n ight  s i d e  of t he  magnetoaphere t a i l  

without envaloping the  E a r t h  (less ene rge t i c  e l ec t rons ) ,  o the r s  encompass 

t h e  Earth, Closing on the dayl ight  s ide of t h e  magnetosphere in t h e  trahsi- 
t i o n a l  l a y e r  from the in t e rp l ane ta ry  plasma t o  t h e  magnetosphere (higher- 
enerm elec t rons) .  Depending upon t he  cha rac t e r  of Solar wind parameter 

v a r i a t i o n ,  the  e l ec t rons ,  s to red  i n  the  tail, pass  i n t o  the  core and vice-  

versa.  In the  first case,  the  e l e c t r o n s  p a r t i a l l y  f i l l  t he  b e l t  of elec- 
t r o n s  with energ ies  of t e n s  kev, and p a r t i a l l y  (with s m a l l  p i t c h  angles)  

run out  along t he  aurora  l i n e  ( l i n e  of maximum aurora recurrence) .  The 

width of the  aurora  zones i5 determined by the  thickness  of the above- 
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mentioned t r a s i t i o n a l  l a y e r  i n  t he  e q u a t o r i a l  cross-sect ion (Larmor 
r a d i u s  of s o l a r  wind protons)  and at p ro jec t ion  on Zarth i t  is found 

t o  be q u i t e  s m z l l .  

* * *  

OF T G  14.LGlETGSjPHERE DURIBG MAGN3TIC STORK3 

The v a r i a t i o n  of the magnetic f i e l d  on Ear th  a t  change in the  

shzpe of the  magnetosphere under t h e  e f f e c t  of so la r  wind is considered 

i n  [l] ( s f i l l  i n  p r i n t ) .  It is shown i n  t h i s  paper, t h a t  t h e  increase of 
t h e  h o r i z o n t a l  conFonent of the ma .qe t i c  f i e l d  a t  low l a t i t u d e s  during 

the  first bhnse of i! magnetic storm is explained not 60 much by m u l t i -  
l n t e r a l  comgession of the  magnetosphere, as by the  decrease in the  degree 
of i ts s t r e t c h a b i l i t y  toward the s i d e  f r a n  the  Sun, t h a t  is by histance 
r a t i o  decrease r e s p e c t i v e l y  a t  n igh t  and day l igh t  boluidaries of t h e  magne- 
tosphere.  This r a t i o  is in its tu rn  determined by s o l a r  wind pressure  pa, 
d i r e c t e d  from the  Sun, t o  the  i s o t r o p i c  h y d r o s t a t i c  pressure  p of the  wind 

and var ies  with the  charge of the l a t te r .  For example, dur ing  t h e  first 
stage of a storm with sudden commencement, p d / p  decreases  by comparison 

with t h e  unperturbed value as a r e s u l t  of hea t ing  of the  s o l a r  corpuscular  
f lux by t h e  shock wave from the  Sun, m d  the  magnetosphere become6 less 
s t r e t c h e d ,  while t h e  ho r i zon ta l  component of t h e  f i e l d  i n c r e a s e s  i n  low 
l a t i t u d e s  on Earth. The cons idera t ion  is conducted on t h e  basis of t h e  

s i m p l i f i e d  model, proposed i n  C11,which coord ina tes  the  Bird method wi th  

the  formal admission by (Ones)* 
I n  t he  present  note  we consider another aspec t  of magnetosphere 

shnpe v s r i a t i o n  under the e f f e c t  of s o l a r  wind f l u c t u a t i o n s ,  and namely, 
t h e  mechmism i t s e l f  of l i n e  of fo rce  of the  Ea r th ' s  magnetic f i e l d  re- 
cons t ruc t ion  and of flow of p a r t i c l e s  with var ious  energ ies ,  t ak ing  i n t o  

account the r o t a t i o n  of t he  magnetosphere.- Themewise, t h e  work [l] pre- 

cedes the p re sen t  paper [though i t  is s t i l l  unavailable].  
The v a r i a t i o n  of t he  chzracter  of solar wind and of the  degree o f  

magnetosphere s t r e t c h i n g  towsrd the  n igh t  s i d e  e n t a i l s  t h e  passage of 

[ i n  t r r n c l i t e r a i i o n l  
-._-_ - - .  - _ -  
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t h e  l i n e s  of force  of the  Bart3's magnetic f i e l d  from the  day t o  n ight  
s i d e  a d  vice-versa. Y L i s  nrocess is c l e n r i y  seen by considering t he  71g, 

l a  and 6, where we f igured  the  meridional,  a long the  l i n e  Earth-Sun, and 
the  e q u a t o r i a l  c ros s  s e c t i o n s  of t he  magnetosphere. The l i n e s  00' and 00" 
i n  Fig. 1 a and t h e  l i n e  OIOV1 i n  i i g .  1 represen t  t h e  c ros s  s e c t i o n s  of t h e  

boundary between two reg ions  A and B, d i f f e r i n g  by t h e  cha rac t e r  of 
motion of t h e  lines of 3orce i n  the  nrocess  of E a r t h ' s  r o t a t i o n .  

-. 

/ '  

c 

a 

1 
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Fig,  1. - Xeri, . ion 1 'le2r ti,@ i i n e  2arth-Sun (a- view 
from t h e  nornici; s i d e )  a d  e q u a t o r i a l  ( 6- view from the  
ITorth pole;  c ros s  sec t ions  of the  magnetosphere. 

The r e r i o n  A (core  of the  magnetosphere) s t r e t c h e s  along t he  l ine Earth-Sun 
t o  yoints  0' and 0''. :'he poin t  OVf ,  about which the  r o t a t i o n  of the l i nes  of 
f o r c e o f t h e  region B t akes  place ( t a i l  of the  magnetosphere) is pro jec t ed  
along the l i n e  of fo rce  on tile poles  (dashes) ,  The po in t s  0' and C are t he  
p o i n t s  of equal  i n t e r . , i t y  of the magnetic f i e l d ;  they determine the  boundary 
of t t e  e q u a t o r i a l  cross sec t ion  of the  f a s t  p a r t i c l e s  t rapped i n  the  core 
( e n e r m  >lOkev) w i t h  grea t  p i tch  angles  a t  the  equator,  Shown near  C is 
t h e  rer-ion of s p l i t t i n g  along the s h e a t h ' s  p i t c h  angles  of the  n a m e t i c  
d r i f t  passinn tkrouyb 0' f rou  t h e  dzylirzht side. Noreover, presented in 18 
a r e  the  shea ths  of f i e l d  l i n e  of fo rce  motion ( s o l i d  t h i n  curvee). Arrows 
i z d i c a t e  the  d i r e c t i o n  of mot ion  of  thc l i n e s  of force  of t h e  f i e l d ,  
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The region B is  usuz12.g c z l l e d  nagnetasphere t a i l  or ffcoat". 
This is j i r s t i f ied  i n  model6 w i t h  very s t r e t c h e d  magnetosphere, in which 
the r e d o n  A is, f o r  most of it ,  bare, and ft i 6  contiguous t o  the  so lar  
wind. 1% t he  model, demonstrated here, the l i n e s  of  force, drift ing t o  

the  n i g h t  side of t h e  magnetosphere in the  procese of t h e i r  r o t a t i o n  with 
the Sarth, pass a160 a s i p i f f c a n t  part of t he  r ey ion  from the daytime 
side of t he  magnetosphere, a8 this can be c l e a ? l y  6681% from Fig. 1 6 The 
re,?ion B encompasses the reg ion  A almost t o  the midday po in t  0 1 ,  ahielding 
the re,aion A from a d i rec t  contzct  wi th  the solar wind. In order  t o  
e v h a s i s e  t h i s  f a c t ,  we s h a l l  cond i t iona l ly  designate  the  reg ion  B as 
tide nagmetosheath and the  region A as the core of the  magnetosphere. 

The notion of fielti 's l i n e s  of fo rce  is determined by low-energy 

p a r t i c l e s  of the  magnetosphere blaemn component: the* d r i f t  izl t h e  e l e c t r i c  
f i e l d ,  induced i n  a fixed system of coord ina tes  relative t o  t h e  line Earth- 
Sun, .lSrOVrd.16 over t he  magnetic dr i f t .  The t y i n g  of the l ines  of force t o  

Ea r th  throuqh t h e  ionos3here l eads  t o  the  f a o t ,  t h a t  i n  t he  e q u a t o r i a l  
r e ~ l o n  t h e  r o t a t i a n  of' the  lines of foroe  o f  the B-region takes plaoe 
around t h e  crenter Ott* 

of the core,  am t h i s  is ind ica ted  by arrows in Fig .1  b The oore region 
i s  bounded by the surface of m a q e t i c  field's l i n e  of fo rce  r o t a t i o n  ( shea th  

of p a r t i c l e  e l e c t r i a a l  d r i f t ) ,  those l i n e s  c ros s l ag  the  Ear th ' s  surface at  
the  sane l a t i t u d e ,  passing through the  points 0' an6 0" r e s p e c t i w l y  on t h e  
day l iph t  and n igh t  sides from Earth. 

p o i n t  C, c r e s s  s e c t i o n  of t he  reZion of the  energy component t rapped in 
t h e  core,  and f o r  which the  magnetic d r i f t  p r e v a i l s  over t he  electricr. 
The mametic dr i f t  shea the  of ene rge t i c  o r  fa6t particles are detexmbed 

by the  condi t ion  of precervat ian of the first aad second a d i a b a t i c  i n v a r i a n t s  

and for p a r t i c l e e  wi th  g r e a t  pitch-angles they i n t e r s e c t  the  equator  along 
a line, equal t o  the  i n t e n s i t y  of t h e  magnetic f ield.  ? a r t i c l e s  wi th  emall 
pitch-angles  w i l l  d r i f t  along shea ths ,  outgoing on t he  n igh t  s i d e  somewhat 
f a r t h e r  than  the  shea th  with grea t  pitch-angles.  The s p i t t i n g  of sheathe 
by pi tch-anyles  is, hotrever, i n s i g n i f i c a n t  i n  the  i-eal case. The s p l i t t i n g  

reFion of t he  extreme shea th  of the core is narked by dots i n  Fig.l ,a and b. 

i n  a d i rec t ion ,  oppos i te  t o  t h a t  of l ine  r o t a t i o n  

!>lotted in the  same f i p r e s  are tho l i n e s  paesiag th.$ough t h e  



5. 

Zstimates  f o r  t h e  model of r e f ,  [l] give for 00" a d is tance  of 
-12 RE at  00' r j  ~ O X E ,  a i d  OC .+ 2-lh I?O* ?*9  RE or  3°sOOr - 6.9 
denending upoa whc~her  t h e  f i e l d  :.t daytime boundary is doubled or t r i p l e d  

a t  pe r tu rba t ion  ?y cornbarison with the unperturbed value for t h e  dipole. 
it the  same time the  shea th  of the  e l e c t r i c  d r i f t ,  s epa ra t ing  t h e  core 
:.nd t h e  t-il re .dons  of the  magnetosphere, c ros s  t h e  su r face  of  the Ear th  
along a c i r c l e  with l a t i t u t e q 0 =  73O, while t h e  boundary of t he  core-trapped 
r a c i c t i a n  i e n e r q e t i c  conpone:it of t h e  blesma), c ros ses  t h e  sur:ace of t h e  

Ear th  slang a l i n e ,  tangent  t o  the c i r c l e  

and t o  the  c i r c l e  with Y1 = 68' a t  the  midnight po in t  (see  Fig, 2 6). 
This  l i n e  (dashes i n  Tig, 2,E) can be i d e n t i f i e d  with t h e  nurora l i n e ,  

a d  t h e  c i r c l e  '91 = 6;5O - w i t h  the pols c i r c l e .  

q0 = 73' a t  t h e  midday point ,  

A t  v a r i a t i o n  of the c h a a c t e r  of the solar wind a r e d i s t r i b u t i o n  
of l i n e s  of force  by reti ions A <and B w i l l  take place.  For t h e  case of solar 
wind inc rease  a t  constant  d y n d c - d i r e c t e d  t o  h y d r o s t a t i c  pressure r a t i o ,  
t h e  rntgne tosphere Will undergo a uniform compression without  s u b s t a n t i a l  
r e d i s t r i b u t i o n  of  l i n e s  of force by regions A and B [l]. A t  the  same t h e ,  

t h e  s e t t l i n g  ra te  of t h e  new s t a t e  of t he  magnetosphere is determined by 
t he  probagation v e l o c i t y  02 t h e  magnetic dis turbances,  I f ,  however, t h e  

h y d r a s t c t i c  pressure  should rise more r aF id ly  t h m  the  dynamic one (for 
examle a t  pass in?  of a shock wave), the  s t r e t c h i n g  of the  magnetosphere 
woulZ decrease,  =and p a r t  05 f i e l d ' s  lices of fo rce  would have t o  pass from 

the  t a i l  t o  t he  core. A ;  the  saxe t ine,  t h e  c i r c l e  'po m d  the  l i n e  of polar 
aurar-e w i l l  s h i f t  t o w r r l  t h e  region of hiyher  l a t i t u d e s ,  The process of 
l i n e  throw-over is  e f f e c t e d  cont inua l ly ,  and, as may be e a s i l y  seen, it 
ought t o  tske p lace  s u f f i c i e n t l y  r zp id ly ,  i n  a ticle, comparable with t h e  

propagation time of t he  hydromagnetic d i s  turbmce , Iiowever, the  f i n a l  
s e t t l i n g  of t he  new e q u i l i b r i w  s ta te  can be delayed by the  f a c t ,  t h a t  

t he  l i n e s  of fo rce  of  the  t a i l  may result azimuthal ly  tw i s t ed  from t h e  

n i g h t  s i d e ,  ?ad a s p e c i f i c  time, perbz-ps of the order  of an hour from t h e  

moment of SC, w i l l  be required for the  final. transit of t h e  f t b u r p l ~ "  lines 
of fo rce  from t h e  tail t o  t h e  core. On ma@etograms f o r  c l a s s i c a l  s t o r m  

with sudden commencelnent and sharply-expTessed first phase,one may see, 

t h a t  following a sha rp  jmp, the f i e l d  pursues a somewhat slower growth 
t h o u g h  t h e  bee;im.ing of t h e  main phase, It is poss ib l e  t h a t  t h i s  is ex- 
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explained by L: lag i n  t he  t r a n s i t i o n  of t he  l i n e s  of fo rce  from the  t z i l  

t o  t h e  core ,  rrzther th?n by fu r the r  r i s e  of pressure  i n  the corpusculsr  
f lux.  

A t  s o l m  wind va r i a t ion ,  a t tended by a r ise of p d / p ,  

sphere e longates  and the  recons t ruc t ion  proceeds in t he  r eve r se  order. 
However, coEtrary t o  the preceding case, the  t r a n s i t ' o f  l i n e s  from the  core 

t o  the  tdl re$on will no t  e q e r i e n c e  any lag, s i n c e  obviously, t h e  l ines 
of f o r c e  are less  twis ted  i n  the  core. 

t h e  mzgnet,j- 

The motion of the  l i n e s  of  f o r c e  at time of  t r a n s i t i o n s  between t h e  

r e s i o n s  A and B must induce cu r ren t s  in the  ionosphere and provoke o s c i l l a -  

t i o n s  of t he  magnetic f i e l d  on E,?rth, t h e  amplitude of which, growing with  
l a t i t u d e ,  poss ib ly  exceeding t h e  mean e f f e c t  of f i e l d  v a r i a t i o n  during the  
storm. The de-relobment of 2 c i r c u l z r  cur ren t ,  lowering t h e  h o r i z o n t a l  com- 

ponent on Earth a t  time of the main phzse of t he  storm, a t  i n v z r i a b l e  solar 
wind pressure ,  symmetrizes so~zewhat t h e  magnetosphere [lJ, l ead ing  also t o  

a sl-ift o f  l i n e s  of force  from the r e r i o n  B i n t o  A. However, t h e  effect  of  

c i r c l e ' s  'P = 73O s h i f t  i n t o  a region of higher  l a t i t u d e s  is concealed by 
the  considerably g rea t e r  e f f e c t  o f  l i ze  of fo rce  d i s t o r t i o n  by t h e  r ing 
c u r r e n t ,  l ead ine  t o  love r ing  of t h e  l a t i t vde  of t he  c i r c l e  0 and of  the  

au ro ra  re ..ion. 
The assunption of the ex is tence  o f  viscous fo rces  a c t i n g  at magneto- 

sphere bounds-y f r m  the s i d e  of t he  solar wind, must l e a d  t o  the  r ep resen t -  

z t i o n  of  t h e  bresence of convective flow i n  the  B-region [23. Without 
t?.king i n t o  account t h e  E a r t h ' s  r o t a t i o n  the  approximate p a t t e r r  of convective 

s h i f t s  i n  the equ- l tor iz l  plane is drawn i n  F~F. 2 a, The d i r e c t i o n  of motion 

through t h e  ionosphere of the  l i n e a  of force ,  ?rejecting the  reg ion  B t o  

t h e  E a r t h ' s  su r f ace  i n  the  c i r c l e  v = 73O, is marked by arrows i n  Fig. 2 6. 
The ionospheric  cu r ren t s ,  induced by l i n e  of f o r c e  d i f fus ion ,  are d i r e c t e d  

toward the  opyosi te  s i d e  [ Z ] .  

The convective motion of such a charac te r ,  whereby the f i e l d ' s  
tu5es  of fo rce  s h i f t  by l a t i t u r l e  may be r e a l i z e d  e i t h e r  i n  the  caSe of 
f o r c e s  a c t i n g  from the  side of considerably denser plasma than t h a t  of  t he  

magnetosphere, or t he  ionosphere,  o r  i n  the  case of  e n t i r e l y  s p e c i f i c  distri- 
bu t ion  of plasma pressure  by magnetic sheaths .  For example, f o r  a d ipo le  
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?F--. S .- Motion ir .  t he  eat la tor ia l  
mlane of the l i n e s  of  force of 
the  t a i l ,  czused bv hgpothet ical  
forces  of v i s c o s i t y  a t  mazneto- 
EP e r e  boundary, a r d  pro jec t ion  
of t he  R-re--ion oz t he  Ear th ' , c  
su r f ace  elonc; t l e  l i n e e  of force 
of the  f i e l d  i n  a c i r c l e  of 730 

l a t i t u d e .  
Arrows i n d i c a t e  tl:e d i r e c t i o n  of  . 
l i n e  oi force d i f f u s i o n  i n  the 

t 

Fiq. 3. - Sane as i n  Fig,  2, a,6, 
ta';in i n t o  accocnt t h e  r o t a t i o n  

of t he  Ear th .  
The r o t a t i o n  o f  t h e  l i n e s  of fo rce  
w i t h  t he  Ear th  is taken for t he  

ionoFphere . The iccloslihere cur ren ts  are b a s i c  motion,; t h e  d i f fus ion  i n  t h e  
caused by the  l s t t e r  flow i n  ogpori te  ionosphere is viewed ars a dis turb-  
d i r e c t i o n .  The dashed curve is tile ance.  
aurora  l i n e  anu the  pro jec t ion  of tl;e 
trapped r a u i a t i o n  r e  l i o n ,  untierKoing 

mape  t i c  d r i f t  . 



f i e l d ,  pressure must drop with  the parameter L of the magnetic shea th  

no slower than L-20/3. I n  the  t a i l  of t he  magnetosphere the  p r e s m r e  drops 

much more slowly than a t  t h e  dipole, while t h e  pressure of plasma is compa- 
rable  wi th  the  magnetic pressure.  This s o f t e n s  considerably the  condi t ion 

of  convection possibility along the  l a t i t u d e ,  and i t  is reasonable  t o  assume 
t he  ex i s t ence  of such convection i n  the  t a i l .  

As t o  t h e  reg ion  of the core of the  magnetosphere, W h O 8 e  lines of 
f o r c e  c r o s s  the E a r t h  a t  l a t i t u d e s  
L is t h e r e  near  the  dipole ,  while the  pressure  &op is knowingly wedcer 
than Le?. 
w i t h  t h e  t r a s i t i o n  of lines of  force  by l a t i t u d e  (b;r spreading the  d i r e c t  

convection along the  l a t i t u d e  t o  lower l a t i t u d e s ,  t h e  au thors  of C2] ignore 
t h i s  f a c t ) .  However, i f  f o r c e s  of f r i c t i o n  from the  s i d e  of t he  s o l a r  wind 

do exist  indeed, jus t  as do the  v i s c o s i t y  fo rces  i n  the  magnetosphere i t se l f ,  
t h e  neculiar motion b. the  form of c i r c u l a r  displacement of two neighboring 

tubes  of fo rce  without  s u b s t a n t i a l  v a r i a t i o n  of l a t i t u d e  in each e b m e n t a r g  
event ,  must a l s o  sbread t o  lower l a t i t u d e s .  .,t the  same time, t h e  resulting 
c u r r e n t  Ta t te rn  w i l l  be similar w i t 3  t h a t ,  obtained 2t d i r e c t  convection 
c?long l a t i t u d e .  

(9 < 9,,the law of f i e l d  v a r i a t i o n  with 

That is why the  convective s h i f t s  i n  the  core a m o t  materialice 

The es t imate  of t he  r a t e  of l i n e  of force d i f fus ion  along the  iono- 
s p h e r i c  c u r r e n t s ,  w A c h  i s  found t o  be l e s s  than the  l i n e a r  r o t a t i o n  ve loc i -  

t y  of t he  E a r t h ' s  su r f ace ,  a1lon.s t a  cons iaer  the convective motions i n  the  
t a i l  as a per turba t ion  superiiziposed on t h e  r o t a t i o n a l  notion. I f  t he  con- 

v e c t i v e  motion is induced by the f r i c t i o n  force from t h e  s i d e  of the solar 
wind, t h e  approximate r e s u l t i n q  p a t t e r n  of Eotion i n  t he  e q u a t o r i a l  plane 

will be such, as shown i n  Fin. 3 a, and i n  p ro jec t ion  upon the  E a r t h ' s  sur- 
face ,  as i n  F ig ,  3 b. 

The E h i f t  of t h e  r o t P t i o n  c e n t e r  0"' of t a i l ' s  l i n e s  of fo rce ,  and, 

alonrsirie w i t h  i t  of t he  core re.:ion oc t h e  ecua to r ,  o f  t h e  aurora  l i n e  

and of t h e  n i ?h t  boundary of t h e  b e l t  at Earth's su r face  from t h e  n igh t  t o  

t h e  n~ornin.: s i d e  may be underFtood i f  ne condi t iona l ly  apply t h e  Bernoul l i  
ecruation f o r  t h e  tubes  of gas frozen-in i r _  t i e  eoua to r i a l  plane.  

On t h e  mornintr s i d e  of the  macnetoephere tLe r o t a t i o n  of t h e  l i n e s  of force  

takes  p lace  in the  d i r e c t i o n  of f r i c t i o n  force  ac t ion  from t h e  s i d e  of t h e  



s o l a r  nin6, and on the eveninc s ide  - i n  the  opposite d i r ec t ion .  That is 
o;hy duriny t h e  motion of f i e l d  l i n e s  of force  with the  magetosphere plasma 

a lonz  the  tube of ?lux from t h e  poin t  D i n  Fi3.3 6 .  i n  t h e  d i r e c t i o n  

pointed by arrow6, the p o t e n t i a l  e of the  f r i c t i o n  force  i n  t h e  region B 

drops monotonically, i nc reas ing  by jump a t  t h e  poiwt D,According t o  t h e  
B e r n o d l i  equat ion f o r  t he  tube of f l u x  of an i d e a l l y  inCOmpre66ible gas 

.yZ + P + e = const  

2 "mp 
t h e  drop of t he  poten t i31  Cy and of t he  v e l o c i t y  9' along t he  f lux  tube  

muct 5e Pttexdeci by a r ise  ir! P = F  preerure  'p, tending t o  r e d i s t r i b u t e  

t h e  tubes  of f l u x  and t ' -e  m p n e t i c  l i n e F  of force  i n  such a nay, t h a t  

t'-e FYEI of ~ F E  and mEy;net.ic nrepsurer be concta i t  a lonc  t h e  equator  croes- 
Fect ion,  t??-t i s ,  by s 3 i f t i n Z  t':e gas,  a i d  elotiqside w i t h  i t  t h e  l i n e s  of 
fo rce ,  t o  t-;e nornin * s i d e .  

Cer tz in  c c n s i - e r z t i o n s  sugyest ,  t ? a t  such an asymmetry p a t t e r n  
r e l p t i v e  t o  the  d i r e c t i o n  z t  the Sun, manifect i n  p a r t i c u l a r  i n  t h e  s h i f t  

of t ha  aurora  l i n t .  fror; t:-e n i s h t  t o  t h e  norning s i d e ,  must appear no t  only 
as a r e s l i l t  of hypotl ,eticPl forces  of v i s c o s i t y ,  t he  s u b s t a n t i a t i o n  of 

which involvin,? d i f f i c u l t i e s  2 1 2  doubts,  but  also as a r e s u l t  of p e c u l i a r  

fo rces  of induct iona l  nature  near tiie su r f ace  of  t h e  magnetosphere. 

2, - ON TH3 - -PCSSISILITY OF EXISTENCE O F  TRAPPED RADIATION 
IN TEX TAIL OF TKd ~ L ! i G ~ O S P € @  --- - 

We have seen t p a t  t he  shea ths  of rnapnetic and e l e c t r i c  p a r t i c l e  

d r i f t s  do not  coincide ( i n  a f i e l d  induced by Ea r th ' s  r o t a t i o n ) .  I n  Fig. 1 6  
and o t h e r s ,  *-e denoted b ~ r  poin ts  C and 0" reFpec t ive lg  t h e  d i s t ances  

f ro(-  the  n i 3 h t  s i d e  t o  two ehepths of  d i f  e r en t  t ype ,  cofltig-ious along t he  

l i n e  of the  obtained meridian a t  t he  extreme po in t  0' of t h e  core  of t h e  

ma-netoruhere. For p z r t i c l e s  v 5 t h  p i t c h  anzle6 n e a r  90°, t h e  maenetic 

sheath6 c r o s s  the  evua to r i e l  plane a lonc  tne  l i n e s  of  eaua l  ma6l;netic f i e l d  

i n t e n s i t y .  From the  n i y ? t  s i d e  beyond the  l i n e ,  ?assing throup;h t h e  poin t  C ,  

the  l i n e s  o f  equal i n t e n s i t y  B c lose  a t  naTnetosphere boundary (dashed 
curves i n  I'i!;. 1 1. Thc d i s t r i h t i o n  of p z r t i c l e s  a long d i f f e r e n t  type sheath6 
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is ciei;erpAilcd b:y tiie ei;ery of p a r t i c l e s ,  far t h e  ve loc i ty  of t he  magne- 

t i c  d r i f t  is propor t iona l  t o  the k i n e t i c  energy, while i n  the  ca6e of 

e l e c t r i c  shea th ,  i t  does not  depend on enerLq. For t h e  dipole  f i e l d ,  t he  

r a t i o  of t h e  e l e c t r i c  t o  n a q e t i c  d r i f t  v e l o c i t y  of p a r t i c l e s  
with s u b r e l a t i v i s t i c  energ ies  and 90' pitch-angles is 

where e is  t h e  energy i n  kev, and re is the  e q u a t o r i a l  d i s tance  t o  t h e  

l i n e  o f  force  i n  Eart?-@s r a d i i .  For small pitch-ansles  (I 4 0  ), t h i s  r a t i o  
is 1 '/L t i m e s  le66.In the  i a n e r  re-io-:s of  ma-netosphere core the  f i e l d  
iF nea r ly  d ipole .  T h a t  i F  why the c r i t i c 8 1  e n e r n ,  d iv id ing  the p a r t i c l e s  

by two d i f f e r e n t  type5 of d r i f t s  , & - 3 k e v  a t  r e - l O R E .  It is g r e a t e r  
k 

n e a r  t h e  d a y l i r h t  boundarp of  tile core on zccount of  t;e decrease of t h e  

r e d i a l  g rad ien t  of the ma.";netic f i e l d .  It is  poss ib le  t o  show, f o r  i n s t ance ,  

that? t h e  f i e l d ,  corrpreseed bv t h e  e o l a r  vind a t  daytime bound- is twice 

g r e a t e r  than t h e  d ipo le  value,  then w e  woulc have a t  the  boundary t -2Okev. 

which is de te r r ined  as the sum of two d ipole  f i e l d s ,  t he  formula (2) w i l l  
reclain apg?oximztely co r rec t  f o r  t he  i n n e r  regions of t h e  t a i l  ( t o  t h e  

c e n t e r  0"' of the  re t rograde  motion 0 3  l i n e s  of fo rce ) .  T h i s  means t h a t  t h e  

c r i t i c a l  enerry i n  t h a t  re;ion nus t  be l e s s  than i n  the  core.  For a model, 

accounting f o r  the  r o t a t i o n ,  t'-is is no t  so. The r e d i s t r i b u t i o n  of t he  

magnetic f i e l d  i n  t h e  t a i l  of the  magnetosphere a t  t h e  expense of  plasma 

flow caused by E a r t h ' s  r o t a t i o n ,  s t rong ly  d in in i shes  the  f i e l d  grad ien t .  

As a r e s u l t ,  t h e  ratio (2) no I n n - e r  drops,even i n  t h e  i n n e r  p a r t s  of  t h e  

t a i l ,  and, t o  the  cont rs ry ,  ?rows d t h  t h e  d i s t ance  from the  Ea r th  i r .  t h e  

n i p h t  s i d e .  

- f  

k 
For an i d e a l i z e d  f ixed model of tf?e magnetosphere, t h e  f i e l d  of 

RE t o  tile ou te r  (beyond tile Foin t  01" ) a n d ,  p a r t i c u l a r l y  i n  t h e  

near-boundary p a r t  a i  the  t e i l ,  s t r e t c ' r i n p  t o  the  deytime Eide i n t o  t h e  

rewion of t he  poin t  0 1 ,  t:7e r a t i o  QE / QB rises p a r t i c u l a r l y  s t rony ly .  

T h i s  takes p lace  becauee the v e l o c i t i e s  o f i h e  l i n e a  of fo rce  ( t h a t  is .'YE), 
p e ~ . e i n r  near  t h e  boundaries of t h e  magnetosphere, exceed s i g n i f i c a n t l y  

t h e  v e l o c i t i e s  of t he  l i n w  of force  of i n n e r  r e d o n e .  I f  t h e  l a t t e r  are 



deter'i i i ied by the a ~ g ~ i l . a r  veloc i ty  C Z  Ezrth'E r s t a t i o ~ ,  Q ,  the first. one6 
a r e  determined by t h e  angle  between the  r a d i u s  vec tor  and the r o t a t i o n  

po in t  of l i n e  of force motion i n  t h e  region B from the  morning s i d e  and 

w i t Z  d i r e c t i o n  at t -e Sun. The anTular ve loc i ty  of t hese  l i n e s  would be of 
t h e  order of c (X- A )  /A].-(2. f o r  l i n e s  pass ing  c lose  $0 the  boundarjj of t h e  
magnetosphere; t h e  angle A can be q u i t e  small. I f  f o r c e s  of f r i c t i o n  ex is t ,  

t h e  v e l o c i t y  of t h e  near-boundary l i n e  of  force from the  morning s i d e  rill 
become still g rea t e r .  

On t h e  b a s i s  of t h e  above-said, one may expect  t h a t  i n  t h e  tail of 
t h e  magnetosphere and, more p a r t i c u l a r l y  near  the  boundary, t h e  c r i t i c a l  

energy $1' is higher  than the  e n e r m  & %  i n  t he  core of t h e  magnetoephere. 
This  XI! me t h a t  t h e r e  i e  a region of  e n e r ~ i e s  E'L, - E k , a t  which the  e lec t r ic  

d r i f t  w i l l  p r e v a i l  i n  t he  near-boundary regions of magnetosphere tail for 
p a r t i c l e s  underroing mostly t h e  ma,Fetic d r i f t  i n  t h e  core. One may figure 

t h e  ex i s t ence  i n  t h e  reg ion  B of p e c u l i e r  Eheath8, cons i s t ing  of areas 
with prevalence of magnetic ( inner  region of t h e  t a i l )  and e l e c t r i c  (near- 

boundary) d r i f t s .  For e l e c t r o n s  tile magnetic d r i f t  s h e a t h e  (dashes i n  F i g . l  ) 

w i l l  bend out  a t  E a r t h ' s  r o t a t i o n  t o  t h e  n ight  s i d e  on t h e  morning eide 

and toward the  day s i d e  on t h e  evegin;. one Cer ta in  e l ec t rons  of n o t  t o o  

high energy, h i t t i n g  t h e  re*on w i t h  a s t r o n g  e l e c t r i c  d r i f t  near  t h e  mor- 

n ing  bounciary, w i l l  no t  succeed i n  reaching i t  i n  the  process  of  t h e  e a s t e r l y  

magnetic d r i f t ,  and w i l l  again h i t ,  a longside w i t h  l i n e  of fo rce ,  t he  region 

of mafnetic d r i f t  prevalence at  a c e r t a i n  poin t  on the  evening s ide,  a f t e r  
bending round the  n i g h t  boundary of  t h e  magnetosphere, thus  c los ing  t h e  

p e c u l i a r  quas is ta t ionary  sheath.  
The same e l e c t r o n s  of  higher  e n e r ~ i e s ,  t k 2 t  may succeed i n  a t t a i n -  

i n g  t h e  morning boundary of t h e  magnetosphere, ought t o  eg res s  from t h e  

mapetOEphere, as would seem a t  f i r E t  glance. I n  r e a l i t y  they w i l l  h i t  t he  
boundary l z g e r  with a g rea t  r egu la r  f i e l d  g rad ien t  normal t o  the  boundary. 

The th ickness  of t h i s  l a y e r  is i n  any ce6e of t h e  o rde r  of t h e  Larmor  

r ed iue  of s o l a r  wind protons,  w i th  ener'gy of s e v e r a l  kev. That is why i t  
i e  s u f f i c i e n t l y  wide t o  r e t a i n  e l ec t ron8  of  eeve re l  t e n s  kev. Under t h e  

e f f e c t  of magnetic f i e l d  grad ien t  normal t o  boundary i n  t h e  boundary l a y e r ,  



%'-e t?l?ec+.rms m;,l~+i d r i € t  eastvard + kynns r5n .y  the n a ~ n e  tosphere along t h e  

@ov,idar:r fro;., t!ie davt ine s i d e  and forming another  faLYjly of clofied shea ths .  

T h U E ,  a l l  t he  e l e c t r o n  sheothe of t 9 - e  npcne t i c -e l ec t r i c  d r i f t  pass 

~ 1 0 3 r "  a narrow bomdary l a y e r  of  the ~ a g n e t o r p h e r e .  That i e  why, whenever 

t h e r e  are t rapped e l e c t r o n s  i n  the  macnctosphere t a i l ,  t he  r a d i a t i o n  in ten-  

Eity i c  t h e  boundary l a y e r  muet be r i g n i f i c a n t l y  g r e a t e r  than i n  t h e  i n n e r  

p a r t s  of L e  t a i l .  One may a l s o  figure an acce le ra t ing  mechanism, a c t i n g  

upon t : e  e l ec t rons  a t  spec-Lf ic  condi t ions  i n  t h e  process  of t h e i r  no t ion  

along a closed cj-cle w i t b i n  t h e  framework of  preserva t ion  of t h e  f i r s t  and 

second ad iaba t i c  i n v a r i a n t s  . Estimates show, t h a t  t k e  c losed  e l e c t r o n i c  

mepe to -e l ec t r i c  d r i f t  shea ths  may e x i s t  f o r  e l e c t r o n s  w i t h  energy < 100 kev. 
A t  a cce l e ra t ion  they w i l l  gradually t r e n e i t  i n t o  t h e  core ,  corr,pleting t h e  

des t ruc t ion  of e l e c t r o n  b e l t  p a r t i c l e s .  
.-I.- - .Ir 

..@ e x i s t  no a n d o ~ o u s  closed Eheath.9 f o r  pi-otons, F i r s t  of all, 
p r o t o m  cannot be thrown e t  t' r! n i zh t  Fide 0 2  t h e  ma,netosphere, f o r  t h e i r  

m ~ : c e t i c  d r i f t  ie d i r e c t e d  toward t3e s i d e  oppos i te  t o  e l e c t r o n s ,  and, 

k i t t i n r  tlze re-ion of a s t r o n - -  e l e c t r i c  d r i f t  a t  t h e  evening boundary of 
t3e m?;netoephere, t3ey m i l l  d r i f t  westward. Secondly:, rew-kinc: t h e  magne- 

t o m h e r e  boundary i? tke  vrocez.eLr o f  m e  - n e t i c  d r i f t ,  protons carmot be re- 
t r i n e d  577 t he  bourdary la:rer, for i t  is  too  narrow for them, 

The magnetosphere recons t ruc t ion  i n  time of naynet ic  storms, des- 

c r ibed  i n  parayraph 1 and expressed i n  the  v a r i a t i o n  of r e l a t i v e  dimensions 

of t he  core and of t he  t a i l  a t  the  expense of t h e  correFponding t r e n s i t  of 
the  l i n e s  of force frorn one redion t o  t h e  o the r ,  w i l l  z l s o  l e a d  t o  e l e c t r o n  

t r a n s i t i o n  from t k e  core t o  t::e boundary region of t h e  t a i l  and vice-versa. 

I n  the  last cz6e e l e c t r o n s  vitli enery;y E lOkev ,  considered as t'slowlt 

f o r  t he  B-reqion, since tl;e e l e c t r i c  d r i f t  p r e v a i l s  i n  some areas of t he  

t a i l  over  t h e  magnetic, pasz t o  d i schsrge  of "fastT1 ones f o r  the  core. 

Here they w i l l  undereo a marrnetic d r i f t  near  the  s h e a t h ,  p r o j e c t i n g  t o  

Eartk along the  aurora l i n e  (dashes i n  Fia. 2 6, 3 6 >. Those of them 

i n  which tke p i tc ' -  rngle  i , c  ~ u - f F c i e n t l p  sr.z.11, w i l l  run o f f  i n t o  tlie 

e tmoq3ere ,  as i n  the t r a n s i t i o n  process t o  c l w e r  shee ths ;  the  r e z l e c t i o n  
point6 of p 3 r t i c l e s  ore .overed. The  r m ~ 3 l  tkic%nc:as of t he  boundary l e y e r  

of the t a i l  e m u r e s  the narrowness of t h e  eurora re75on zilonF: the  aurora 
l i n e .  
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The confirmation of t h e  drawn p a t t e r n  of  behavior of e l e c t r o n s  
with emrgy of s e v e r a l  t e n s  kev can be found, i n  p a r t i c u l a r ,  i n  t h e  results 
of the s tudy  of i n t e n s i t y  d i s t r i b u t i o n  and of t h e  boundary reg ion  o f  t hese  

e l e c t r o n s  on %xplorer  1411. In Fig. 4, borrowed from c33 and r ep resen t ing  
the  mean p a t t e r n  of t h e  d i s t r i b u t i o n  of t he  l i n e s  with equal i n t e n s i t y  of 
e l e c t r o n s  with energy >40 kev, f o r  many f l i g h t s ,  t h e  bending of shea the  

toward t h e  n ight  side is c l e a r l y  seen ,  when approaching t h e  morning s i d e  

of the b e l t ' s  bounciary, coinciding w i t h  t h a t  of t h e  magnetosphere. Accord- 

i n s  t o  t h e  idea expounded, t h i s  p a r t  of t k e  shea the  belongs a l r eady  t o  ma- 
gnetosphere 

is explained 

t a i l  and t h e  r o t a t i o n  of t h e  sheathe toward t h e  n igh t  s i d e  
by t k e  i n f luence  of tile ele..'.ric d r i f t .  

Fig.  4.- Equa to r i a l  d i s  k i b u t i o n  of l i n e s  o f  equal  i n t e n s i t y  

(borrowed from E31 1. 
of e lec t rons  with energy 40 kev 

The f a c t  t h a t  t h e  daytime boundary of e l e c t r o n  b e l t s  with energy 

of s e v e r a l  tens kev always coincides  wi th  the  boundary of t he  magnetosphere 
a6 i f  t h e  d i s t ance  from Ear th  t o  t h a t  boundary remained i n v a r i a b l e ,  is 
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is q u i t e  dexiioastrative. Except for t h e  vG-iation of s o l a  wind parexete-rs, 

case i n  which t h e  dynamic t o  hydros t a t i c  pressure r a t i o  p d / P  remain8 
cons tan t ,  any dis tance  v a r i a t i o n  t o  dayt ine  boundary m u s t  be at tended by 
t he  t r a n s i t i o n  of t h e  l i n e e  of force from t h e  core t o  t h e  tail and vice- 

versa .  A t  t h e  same t i n e ,  s i n c e  the i n t e n s i t y  of e l e c t r o n s  with energy of 
several t e n s  of kev hardly va r i e s ,  they  e f f e c t  t h e  t r a n s i t i o n s  alongside 

w i t ?  the l i n e s  o€  force.  if t':e t e i l  could not  n o t  s e rve  as a r e s e r v o i r ,  

u reserv ing  i f  onlp the elePtron8 "soueezed out" of t h e  core a t  its decrease,  

t 'le b e l t  of these  e l e c t r o n s  would be broken, u ~ o n  memetof:)here exPansion, 

over diata:ices smaller t::an t h e  net,r,etic f i e l d ,  mbiclt C'F'E never  observed, 

Fi?. 5. - Coincifience of 

+ 

d a k p  02 t - - c  S m i s  of various published rorke~ 
03 e l e c t r o n s  of v a r i o w  e n e r d e s .  

The t r e i e c t o r i e r  of F a t e l l i t e F  and rocke t s  a r e  pro jec ted  on tlie e c u a t o r i a l  
plane along t he  l i n e s  of fo rce  of t ' e  d ipole  f i e l d .  Data f o r  Explorer  14  
r e r e  bo1 rored from C41 . Plo t t ed  ?re the  l i n e s  d iv id ing  t h e  magetosphere 
i n t o  c l ~ s r e c t e r i s t i c  re- ions (repion of  tlie e l e c t r o n  b e l t  with energy >40kev 
boundarier te t -een the core e. id the t a i l  of tbe mPqaetoPphere; dashes denote 
t5e  p-oieci5.ol-s of l i n e  o f  force motior. i n  the  t a i l  of t he  magnetozphere). 

DenotationE I :!I.  72 - Lunni?c 1 an+ 2 (1st and 2nd Sov ie t  cosmic rocke t s ) ;  
€!I - Xars 1: B1-  Yenus 1 - ir;, ri: - Pioneer  3 and 4; El4 - Explorer 14; 
The intLi1sity of electron f l u x  with E 40 kev i E  obtained by mult iy ly ing  
tLe counter  readings (21JA) by Id. 1 - e l e c t r o n s  40kev (count-? 2 1 3 A )  
2 - e iec t rons  50 kev ( E F U ) ;  3 -  e l e c t r o c s  a 1.6 Iiev (302); 4 -  e lec tzons  
0.2 - 40 kev; 5 - primary cosmic rays .  
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The au tho r s  of c31 p l o t t e d  t h e  l i n e s  of equal i n t e n s i t y  of t h e  evening 

s i d e  i n  F i g , 4  i n  t h e  assumption of synmetry r e l a t i v e  t o  t h e  d i r e c t i o n  
a t  t h e  Sun, What the  r e d  pos i t i on  is remains ob6cure. I f  we start from 

t h e  cons idera t ions  of paragraph 1 and from those ,  expounded here ,  t he re  

should be no t o t a l  symmetry. From t h e  d a t a  borrowed from C4I9 t h e  only ones 
a v a i l a b l e  t o  us, and which refer t o  f l i g h t s  of Explorer  1 4  toward t h e  eve- 

n i n g  s i d e  of  t h e  magnetosphere, we p l o t t e d  them on t h e  composite Fig. 5. 
They a l l o w  no s p e c i f i c  deductions. The approximate boundaries of character-  

i s t i c  re- ions of the magnetosphere a r e  p l o t t e d  i n  t h i s  Fig.5.  I n  pa r t i cu la r ,  

one may see, t h a t  upon vanishing of e l e c t r o n s  w i t h  energ ies  above 40 kev, 
they reappear  be:.-ond the  n i r h t  bounda7-g of t h e  b e l t  (thouTh with lesser 
i n t e n s i t y )  i n  t h e  boundary re-ion between t h e  core and t h e  t a i l  of t h e  
megnetosphere. 
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